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Abstract 
The Surface roughness and image texture features of milled surfaces are key parameters to study the surface characteristics of 
end milled AA 6061 alloy. A Machine vision system is employed to capture and store the images of the end milled 
workpieces.The stylus type instrument is used measure the surface roughness values of various milled workpieces for different 
cutting conditions such as speed, feed and depth of cut.The Grey Level Cooccurance Matrix [GLCM] is introduced to extract the 
image texture features of the end milled surfaces. Four Matrices about different sampling orientations are builtup to determine the 
various image texure features such as contrast, homogenity, correlation and energy. A regression analysis is performed between 
image texture features and surface roughness values of the machined surfaces. Finally, the relationship between surface 
roughness and image texture features has been established. 
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1. Introduction 
Surface quality assessment of part can be achieved through surface roughness measurement. Surface 
roughness can be measured either by conventional contact type methods or recent non contact type methods. 
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The main limitations in the contact type surface roughness measurement leads to the use of non contact type 
surface roughness measurement for surface quality assessment [1]. The non contact surface roughness 
measurement gains popularity among research community [2-5].In the recent years, the development of 
machine vision hardware and user friendly image processing technology has started new possibilities of 
surface roughness measurement. The surface roughness prediction is made possible with the features extracted 
from the surface image [6]. 
Although many work has been reported in the area of evaluation of textures using machine vision only few 
have quantitatively defined surface roughness of the machined surfaces using texture parameters. Luk et al. [7] 
have used statistical parameters of intensity histogram for measuring surface roughness of steel, copper and 
brass samples. Suarez et al. [8] have done classification surface roughness of metal parts using image texture 
features extracted using Gray Level Co-occurrence Matrix (GLCM). Wei et al. [9] discussed about the 
extraction of several micro image features using GLCM and the relationship between surface roughness of 
deep hole and its image features are derived from support vector machine. Juric et al. [10] presented the 
relationship between surface roughness and surface gloss of paper with print uniformity using GLCM. 
The above literatures pave a platform for deriving the relationship between surface roughness and surface 
image texture features. In this article, the image features namely Contrast, Correlation, Energy and 
Homogeneity are extracted using GLCM. The surface roughness was measured using stylus type surface 
roughness tester. The relationship between them was developed with simple correlation. 
2. Experimental Setup 
The aim of the experimental setup was to capture the images of the machined surfaces using machine vision 
system. The Machine Vision system consist of a “Watec 902B” CCD camera with 768x574 image resolution 
attached with zoom lens, an interface was used to capture and store the image in the memory. Interface 
software”SHERLOCK 32” was used to capture and store the image. 
 
 
 
Fig. 1. Machine Vision Setup 
2. 1. Machining 
Aluminium 6061 work piece of dimensions 50mm x 50mm x 25 mm is machined using conventional vertical 
milling machine. A twist fluted HSS end milling cutter was used as cutting tool. Machining the aluminium work 
piece AA6061 was carried out at various speed, feed, and depth of cut values. The Table 1 describes the set of 
cutting conditions for machining. Table 2 gives the chemical composition of AA6061 aluminium alloy. 
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Table 1 Cutting conditions for Experimentation 
 
 
Table 2 Chemical Composition of AA 6061 
 
 
 
 
 
 
 
 
 
2.2. Image Acquisition   
The machined work piece was focused under the camera and the corresponding images of various machined 
work pieces were captured and stored using the machine vision system. The Experimental setup of the machine 
vision system is shown in fig. 1. Although there are different non contact methods to measure surface roughness, 
Machine Vision provides easy way to measure surface roughness of machined surfaces. It also gives high spatial 
resolution and high speed of measurements. Machine Vision can be useful in  online prediction of surface 
roughness. The captured images are then loaded in the MATLAB image processing tool. The images are 
preprocessed to enhance the images. The enhanced image contains rich information of surface roughness and is free 
from noise and other artifacts. 
2.3. Image Pre-processing 
 The captured image has to be pre-processed carried on the raw image initially before the image feature 
extraction. Pre processing is necessary for noise removal and to remove the unwanted artifacts. The captured images 
are then loaded in the MATLAB image processing tool. Those Image features kept constant by setting the 
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illumination and position camera, position of object. Provision is available in the camera for automatically adjusting 
the illumination. The position of camera and workpiece has been fixed during the experiment. The captured image 
was then preprocessed for enhancement.The images are preprocessed to enhance the images. The enhanced image 
contains rich information of surface roughness and is free from noise and other artifacts.The following steps have 
been carried out for the image pre-processing.  
Step1: Apply Opening Morphological operator with 3x3 structuring element. 
Step2: Subtract the original image from output of step1. 
Step 3: Adjust the contrast of the resulting image. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 Flow Chart of Image Pre-Processing 
3. Surface Roughness Measurement 
The surface roughness of the machined workpieces is measured using the conventional stylus instrument. A 
Taylor-Hobson Surtronic 3 + instrument was used in our work to measure the average roughness value (Ra) .The cut 
off length was fixed as 0.8mm for measuring the surface roughness. The measured surface roughness values are 
tabulated in the Table 3.The fig.3 shows the view of the Taylor- Hobson Surtronic 3+ instrument.  
 
 
 
Figure.3. Taylor Hobson Surtronic 3+ surface roughness tester. 
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3. Gray Level Co-occurrence Matrix 
The Grey Level Co-occurence Matrix (GLCM) has been described in the image processing literature by a 
number of names including Spatial Grey Level Dependence (SGLD) etc. As the name suggests, the GLCM is 
constructed from the image by estimating the pair wise statistics of pixel intensity. Each element (i,j) of the matrix 
represents an estimate of the probability that two pixels with a specified separation have grey levels i and j. The 
separation is usually specified by a displacement, d and an angle, θ. From the GLCM created, several texture 
features can be computed which is described in Haralick [11]. In our study, Contrast, Correlation , Energy and 
Homogeneity are considered. The GLCM features are calculated for d=3 at various orientations (00,450,900 and 
1350). 
4. Image Feature Extraction 
The captured image after pre-processing is cropped into sub image of 100x100 pixels. The GLCM features are 
calculated using MATLAB commands and tabulated in table 3. 
 
Table 3 Cutting conditions and GLCM features at d=3 and θ=00 
 
EXP.   
RUN 
SPEED   
(RPM) 
FEED    
(mm/rev) 
D O 
C  
(mm) CONTRAST CORRELATION ENERGY HOMOGENITY 
STYLUS 
OUTPUT 
Ra(s) 
1 120 0.1 0.6 3.9631 -0.0182 0.2055 0.6282 4.36 
2 120 0.1 0.9 7.9721 -0.0041 0.1292 0.5392 3.28 
3 120 0.1 1.2 4.1442 0.0486 0.2007 0.6219 2.56 
4 120 0.2 0.6 6.8816 0.1624 0.1822 0.607 2.72 
5 120 0.2 0.9 5.9173 0.1022 0.199 0.62 1.16 
6 120 0.2 1.2 5.1407 0.0848 0.2063 0.6244 3.44 
7 120 0.3 0.6 6.2108 0.0836 0.2087 0.6174 3.4 
8 120 0.3 0.9 4.4348 0.0418 0.2376 0.6435 1.23 
9 120 0.3 1.2 5.9383 0.0263 0.1788 0.5976 1.1 
10 240 0.1 0.6 6.8869 -0.0076 0.1361 0.552 2.96 
11 240 0.1 0.9 8.5669 -0.0144 0.1166 0.5227 2.56 
12 240 0.1 1.2 6.2499 0.0246 0.1781 0.5945 2.58 
13 240 0.2 0.6 6.2145 0.0206 0.1764 0.5778 3.32 
14 240 0.2 0.9 6.1398 0.0312 0.1618 0.5817 2.16 
15 240 0.2 1.2 8.004 0.6116 0.2044 0.7081 1.32 
16 240 0.3 0.6 6.1389 0.0118 0.2072 0.612 4.32 
17 240 0.3 0.9 4.6432 0.7705 0.2218 0.7541 3.84 
18 240 0.3 1.2 5.5766 0.0359 0.2409 0.6511 3.88 
19 360 0.1 0.6 6.5538 0.6689 0.204 0.7158 3.56 
20 360 0.1 0.9 7.8645 -0.0193 0.1366 0.5488 2.6 
21 360 0.1 1.2 6.9891 0.0337 0.1494 0.5629 1.96 
22 360 0.2 0.6 5.4459 -0.0486 0.1905 0.5961 1.2 
23 360 0.2 0.9 7.9747 0.0061 0.1466 0.5568 1.14 
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24 360 0.2 1.2 8.8893 -0.027 0.1483 0.5504 1.84 
25 360 0.3 0.6 8.6527 -0.0072 0.1524 0.562 1.068 
26 360 0.3 0.9 8.8993 -0.0354 0.1515 0.5526 1.72 
27 360 0.3 1.2 8.5457 0.0149 0.1466 0.5521 0.888 
 
5. Results and Discussions 
The figures (4-7) depict the variation of GLCM features with the surface roughness at distance 3 pixels and 
various orientations namely, 00,450,900 and 1350. Figure 4 shows inverse relation between surface roughness and 
contrast at d=3 and θ=00 .There is no distinct relation with other GLCM features. From Figure 5 , Figure 6 and 
Figure 7displays same trend as in figure 4. It shows that at constant distance, image features shows similar trend at 
any orientation. 
 
 
Figure 4 Variation of GLCM features with surface roughness at d=3 and θ=00 
 
 
 
Figure 5 Variation of GLCM features with surface roughness at d=3 and θ=450 
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Figure 6 Variation of GLCM features with surface roughness at d=3 and θ=900 
 
 
 
Figure 7 Variation of GLCM features with surface roughness at d=3 and θ=1350 
6. Conclusions 
In this study, GLCM features of the surface image of the End milled Aluminium alloy AA 6061 was extracted. 
The trend analysis of the GLCM features with surface roughness values of the various set of cutting conditions is 
studied. It is concluded that Contrast has similar trend as surface roughness for a fixed d value irrespective of 
orientations. It is found other features such as Energy, Correlation and Homogeneity has no effect on the surface 
roughness. The work may be extended for various pixel distances and the effect of features may be studied. 
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